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h i g h l i g h t s
We evaluate the control of Brain-computer interfaces by 14 users with cerebral palsy. Eight users were able to control at least one of the BCIs with significant accuracy. Analysis of the results reveals that BCIs may be controlled by some users with CP.
a b s t r a c t
Objective: Brain-computer interfaces (BCIs) have been proposed as a potential assistive device for individuals with cerebral palsy (CP) to assist with their communication needs. However, it is unclear how well-suited BCIs are to individuals with CP. Therefore, this study aims to investigate to what extent these users are able to gain control of BCIs. Methods: This study is conducted with 14 individuals with CP attempting to control two standard online BCIs (1) based upon sensorimotor rhythm modulations, and (2) based upon steady state visual evoked potentials. Results: Of the 14 users, 8 are able to use one or other of the BCIs, online, with a statistically significant level of accuracy, without prior training. Classification results are driven by neurophysiological activity and not seen to correlate with occurrences of artifacts. However, many of these users' accuracies, while statistically significant, would require either more training or more advanced methods before practical BCI control would be possible.
Conclusions:
The results indicate that BCIs may be controlled by individuals with CP but that many issues need to be overcome before practical application use may be achieved. Significance: This is the first study to assess the ability of a large group of different individuals with CP to gain control of an online BCI system. The results indicate that six users could control a sensorimotor rhythm BCI and three a steady state visual evoked potential BCI at statistically significant levels of accuracy (SMR accuracies; mean ± STD, 0.821 ± 0.116, SSVEP accuracies; 0.422 ± 0.069). Ó 2013 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Cerebral palsy (CP) is a non-progressive condition caused by damage to the brain during the early developmental stages, i.e. from the early stages of pregnancy through to 3 years old, and resulting in motor, and other, impairments (Holm, 1982; Odding et al., 2006) . CP is caused by a one-time event and classified as ''non-progressive'' meaning the condition does not get worse with time (Badawi et al., 2008) . However, specific symptoms may change over time as the individual's body grows and develops (Panteliadis and Strassburg, 2004) .
CP can result in a range of symptoms and may be considered to be an umbrella term for any disabilities of movement, coordination, balance, posture, muscle tone regulation etc. resulting from damage during the brain's early development (Fong, 2005; Badawi et al., 2008) . Individuals with CP may have a range of difficulties related to motor control including executing intended movements, automatic movements, and controlling postures (Krigger, 2006) . Additionally, the brain damage may also in some cases result in
